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’ embedded in an inside portion of its bearing housing While 
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FOIL JOURNAL BEARING UTILIZING 
SEMI-ACTIVE DAMPERS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to foil journal bear 
ings, and more particularly to a foil journal bearing utilizing 
semi-active dampers Which improves the stiffness of the 
bearing against rotational shaft-supported load and the 
vibration suppressing capability of the bearing. 

[0003] 2. Description of the Prior Art 

[0004] In general, a foil journal bearing employs air as 
lubricating material instead of lubricating oil, and therefore 
it is generally suitable for a clean mechanical system. Such 
a foil journal bearing has a relatively Wide area for support 
ing a rotating member in comparison With other bearings, 
thus having high reliability. Accordingly, the foil journal 
bearing can be utiliZed as a supporting bearing for small, 
general aerial gas turbine engines, turbo expanders, various 
aerospace auxiliary poWer units, land transportation means, 
vapor cycle centrifugal compressors, and various commer 
cial air compressors. 

[0005] The foil journal bearing should be designed to have 
load-carrying capacity and stability, and Withstand Wear due 
to unstable contact betWeen a shaft and a bearing during its 
starting and stopping. 

[0006] FIG. 1 shoWs a sectional vieW of a conventional 
multi-leaf type foil journal bearing. A plurality of axial 
grooves 12a are formed on the inner surface of a bearing 
housing 12 While being spaced apart from one another. A 
plurality of the multi-leaf foils 14 are arranged into the axial 
grooves 12a, and support a shaft 10. The conventional 
multi-leaf foil journal bearing shoWn as FIG. 1 can increase 
stiffness as being increased the thickness of the multi-leaf 
foil 14. HoWever, the conventional multi-leaf type foil 
journal bearing is problematic in that the thickness of the foil 
is restricted and the life span of the bearing is restricted due 
to Wear betWeen the shaft 10 and the foils 14. The vibration 
of the shaft 10 is controlled by only a factor of the multi-leaf 
foil 14, for example, the thickness or the number of the foils, 
so that it is difficult to control the vibration of the shaft 10. 

[0007] FIG. 2 illustrates a sectional vieW of a bump foil 
journal bearing in Which a top foil 16 and a bump foil 18 are 
positioned on the inner surface of a bearing housing 12 and 
support a shaft 10 thereon. The bump foil journal bearing 
can increase load-carrying capacity by the great stiffness of 
the bump foil 18. HoWever, gas in the bump foil 18 leaks in 
its axial direction, thereby being reduced the damping capac 
ity of the bump bearing. In addition, the conventional bump 
foil journal bearing is further problematic in that it is difficult 
to design and form the bump foil 18. 

SUMMARY OF THE INVENTION 

[0008] The main object of the present invention is to 
provide a foil journal bearing utiliZing semi-active dampers, 
Which improves load-carrying capacity and stability to be 
high by increasing stiffness and damping capacity. 

[0009] Another object of the present invention is to pro 
vide a semi-active damper foil journal bearing Which 
reduces the damping vibration and instability of the bearing 
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by gas in a space betWeen damper pin and a dimple of the 
bearing housing and/or Which increase the stiffness by the 
spring under the damper pin When a shaft rotates fast. 

[0010] In order to accomplish the above object, the present 
invention provides a foil journal bearing Which is provided 
at an interior surface of the bearing housing With a plurality 
of foils or one foil for supporting a shaft Wherein the bearing 
comprising a plurality of dampers embedded in an inside 
portion of its bearing housing While coming into contact 
With and supporting the plurality of foils or the one foil to 
increase stiffness and damping capacity of the bearing 
during rotation of said shaft, Wherein each of said dampers 
is comprised of a damper pin inserted into one of dimples 
formed on the interior surface of the bearing housing and an 
elastic spring interposed betWeen a bottom of the damper pin 
and a bottom of the dimple. 

[0011] In order to accomplish the above object, the present 
invention provides a foil journal bearing for supporting a 
shaft, Wherein the bearing comprising a plurality of foils or 
one foil at an interior surface of the foil journal bearing 
housing, and a plurality of dampers embedded in the interior 
surface of the foil journal bearing housing While coming into 
contact With and supporting the foils or the one foil to 
increase stiffness and damping capacity of the bearing 
during rotation of said shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and other 
advantages of the present invention Will be more clearly 
understood from the folloWing detailed description taken in 
conjunction With the accompanying draWings, in Which: 

[0013] FIG. 1 is a sectional vieW of a conventional 
multi-leaf foil journal bearing; 

[0014] FIG. 2 is a sectional vieW of a conventional bump 
foil journal bearing; 

[0015] FIGS. 3A is a sectional vieW of a toil journal 
bearing according to a ?rst embodiment of the present 
invention; 
[0016] FIG. 3B is a perspective vieW of FIG. 3A; 

[0017] FIG. 4 is a sectional vieW of a foil journal bearing 
according to a second embodiment of the present invention; 

[0018] FIG. 5 is a detailed vieW shoWing a damper 
mounted in a dimple of the bearing housing of the foil 
journal bearing in accordance With the present invention; 

[0019] FIG. 6 is a schematic diagram shoWing the equiva 
lent entire stiffness of the foil journal bearing in accordance 
With the present invention; and 

[0020] FIG. 7 is a vieW explaining a squeeZe ?lm and 
Coulomb friction phenomenon around a damper pin of this 
foil journal bearing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] With referring to the draWings, the preferred 
embodiments in accordance With the present invention Will 
be explained as folloWings: 

[0022] As shoWn in Figures, the reference numerals of the 
embodiments of the present invention are labeled as the 
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same those of the conventional art of FIGS. 1 and 2 to 
designate the same or similar elements. 

[0023] FIGS. 3A is a sectional vieW of a foil journal 
bearing according to a ?rst embodiment of the present 
invention and FIG. 3B is a perspective vieW of FIG. 3A. 

[0024] In FIGS. 3A and 3B, there is shoWn an air foil 
journal bearing of the present invention in Which a plurality 
of foils 14 are arranged on the inner surface of a bearing 
housing 12 and a plurality of dampers 20 are embedded in 
the inner portion of the bearing housing 12 against the foils 
14. 

[0025] FIG. 4 is a sectional vieW shoWing a foil journal 
bearing according to a second embodiment of the present 
invention. 

[0026] In this foil journal bearing, the plurality of foils 14 
of FIG. 3A and 3B are replaced by a top foil 16 Which is 
?xed at a ?xing part 16-1 inside portion of the bearing 
housing. Additionally, a plurality of dampers 20 are embed 
ded in the inside portion of the bearing housing 12 While 
coming into contact With and supporting the top foil 16. 
Accordingly, the foil journal bearing of the present invention 
increases the radial load-carrying capacity and damping 
capacity of the bearing, so instability can be eliminated 
When the shaft 10 rotates fast. 

[0027] FIG. 5 is a detailed vieW shoWing a damper 20 
mounted in a dimple of the bearing housing of the foil 
journal bearing in accordance With the present invention. 

[0028] Each of the dampers 20 is comprised of a damper 
pin 21 inserted into one of dimples 12b regularly formed on 
the inner surface of the bearing housing 12 and a spring 22 
interposed betWeen the bottom of the damper pin 21 and the 
bottom of the dimple 12b to connect them to each other. 

[0029] The damper pin 21 is brought into contact at its 
upper surface With a foil 14 or 16 and at its loWer surface 
With the spring 22. The damper pin 21 is positioned in the 
radial direction of the bearing housing 12, and inserted into 
the dimple 12b to be slidably moved in the dimple 22. 
Accordingly, When load acts upon the foils 14 or 16, the 
impact force of the load is absorbed by the elastic action of 
the spring 22. At the same time, the damping capacity of the 
foil bearing is increased by the pressure of air ?lling the 
space betWeen the damper pin 21 and the dimple 12b and by 
the friction force caused by contact betWeen the damper pin 
21 and the dimple 12b. The damper pin 21 is slidably 
inserted into the dimple 12b, so that the radial vibration of 
the shaft is suppressed in such a Way that the damper pin 21 
compresses the spring 22, compresses the air ?lling the 
space betWeen the damper pin 21 and the dimple 12b and 
forms an air ?oW betWeen the damper pin 21 and the 
sideWall of the dimple 12b (Which is called by a squeeZe ?lm 
phenomenon). Air How can compensate for the lack of 
viscous damping capacity in the foil bearing of the present 
invention. 

[0030] In these embodiments according to the present 
invention, the spring 22 is a coil spring made of a thin plate 
to adjust the height of the damper pin 21 according to the 
position of the corresponding portion of the foils 14 or 16. 
The spring 22 is preferably made of heat-resistant steel that 
has relatively loW elastic and thermal deformation. 
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[0031] FIG. 6 is a schematic diagram shoWing the equiva 
lent entire stiffness of the foil journal bearing in accordance 
With the present invention. 

[0032] When a shaft 10 is rotated at a high speed, the 
damping capacity C‘ of the damper pin 21 and the stiffness 
K‘ of the spring 22 are added to the stiffness of the foils 14 
or 16, thereby resulting in the total equivalent stiffness 
illustrated in FIG. 6. That is, While the shaft 10 is rotated, 
the foil journal bearing of the present invention has the foil 
stiffness K‘ and foil damping capacity C‘ of the foils 14 as 
Well as the air stiffness K and the air damping capacity C of 
the ?lm-shaped air ?oW. 

[0033] On the other hand, in the foil journal bearing of the 
present invention, the total stiffness of the bearing can be 
adjusted by controlling the number of the dampers 20. 
Additionally, the total stiffness of the bearing can be 
adjusted by controlling the elastic constant of the springs 22. 
When the total stiffness of the bearing is adjusted to be 
increased, the load-carrying capacity of the foil journal 
bearing can be improved at load support positions during the 
rotation of the shaft 10. 

[0034] According to the foil journal bearing of the present 
invention, the vibrations of the shaft 10 can be radially 
suppressed by a ?lm-shaped air ?oW formed by a squeeZe 
?lm phenomenon and formed in the direction indicated by 
the arroWs of FIG. 7. This can increase damping capacity 
and improve the stability of the bearing When the shaft 10 is 
rotated at a speed greater than a critical speed. 

[0035] As described above, the present invention provides 
a foil journal bearing, in Which a plurality of dampers are 
embedded in the inside portion of the bearing housing While 
coming into contact With and supporting leaf type foils or a 
top foil that are arranged on the inside surface of the bearing, 
thereby increasing the radial load-carrying capacity and 
damping capacity of the bearing. 

[0036] Additionally, according to the foil journal bearing 
of the present invention, a load-carrying capacity is further 
increased by the stiffness of elastic springs and the vibrations 
of bearings When the shaft is rotating fast can be suppressed 
by an air ?oW generated by a squeeZe ?lm phenomenon. 

[0037] Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art Will appreciate that various modi? 
cations, additions and substitutions are possible, Without 
departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 

What is claimed is: 
1. A foil journal bearing Which is provided at an interior 

surface of the bearing housing With a plurality of foils or one 
foil for supporting a shaft, the foil journal bearing compris 
mg: 

a plurality of dampers embedded in an inside portion of its 
bearing housing While coming into contact With and 
supporting the plurality of foils or the one foil to 
increase stiffness and damping capacity of the bearing 
during rotation of said shaft, Wherein each of said 
dampers is comprised of a damper pin inserted into one 
of dimples formed on the interior surface of the bearing 
housing and an elastic spring interposed betWeen a 
bottom of the damper pin and a bottom of the dimple. 



US 2002/0097930 A1 

2. The foil journal bearing according to claim 1, wherein 
said elastic spring is a coil spring made of a thin plate so as 
to adjust a height of the damper pin according to a position 
of a corresponding portion of said foils or said one foil. 

3. The foil journal bearing according to claim 1, Wherein 
said stiffness and damping capacity depend on the number of 
said dampers and an elastic constant of said elastic springs. 

4. The foil journal bearing according to claim 1, Wherein 
said the dampers are slidably and movably installed in the 
dimples With a small gap betWeen an outer surface of said 
damper pin and a sideWall of said dimple so as to create a 
radial air How to outside of the dampers from the spaces 
betWeen the bottoms of the damper pins and the dimples 

5. The foil journal bearing according to claim 4, Wherein 
said stiffness and damping capacity depend on the number of 
said dampers and an elastic constant of said elastic springs. 

6. The foil journal bearing according to claim 5, Wherein 
said stiffness and damping capacity further depend on pres 
sure of air ?lling of the spaces betWeen the bottoms of the 
damper pins and the dimples and/or friction force of the 
damper pin and sideWall of the dimple. 

7. The foil journal bearing according to claim 4, Wherein 
said stiffness and damping capacity depend on pressure of 
air ?lling of the spaces betWeen the bottoms of the damper 
pins and the dimples and/or friction force of the damper pin 
and sideWall of the dimple. 

8. The foil journal bearing according to claim 1, Wherein 
said the inside portion further comprising a plurality of 
grooves to ?X the plurality of foils. 

9. The foil journal bearing according to claim 1, Wherein 
said foils are multiple foils Which overlap each other. 

10. The foil journal bearing according to claim 1, Wherein 
said the inside portion further comprising a ?xing part to ?X 
one end of the one foil. 

11. The foil journal bearing according to claim 1, Wherein 
said foil is a top foil. 

12. The foil journal bearing according to claim 1, Wherein 
said damper pin is brought into contact With the plurality of 
the foils or the one top foil While being erected in a radial 
direction. 

13. A foil journal bearing for supporting a shaft, Wherein 
the bearing comprising: 
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a plurality of foils or one foil at an interior surface of the 
foil journal bearing housing; and 

a plurality of dampers embedded in the interior surface of 
the foil journal bearing housing While coming into 
contact With and supporting the foils or the one foil to 
increase stiffness and damping capacity of the bearing 
during rotation of said shaft. 

14. The foil journal bearing according to claim 10, 
Wherein each of said dampers comprising: 

a damper pin inserted into a dimple formed on the interior 
surface of the journal bearing housing; and 

an elastic spring interposed betWeen a bottom of the 
damper pin and a bottom of the dimple. 

15. The foil journal bearing according to claim 13, 
Wherein said elastic spring is a coil spring made of a thin 
plate so as to adjust a height of the damper pin according to 
a position of a corresponding portion of said foils or said one 
foil. 

16. The foil journal bearing according to claim 13, 
Wherein said the dampers are slidably and movably installed 
in the dimples With a small gap betWeen an outer surface of 
said damper pin and a sideWall of said dimple so as to create 
a radial air How to outside of the dampers from the spaces 
betWeen the bottoms of the damper pins and the dimples 

17. The foil journal bearing according to claim 16, 
Wherein said stiffness and damping capacity depend on the 
number of said dampers and an elastic constant of said 
elastic springs. 

18. The foil journal bearing according to claim 17, 
Wherein said stiffness and damping capacity further depend 
on pressure of air ?lling of the spaces betWeen the bottoms 
of the damper pins and the dimples and/or friction force of 
the damper pin and sideWall of the dimple. 

19. The foil journal bearing according to claim 16, 
Wherein said stiffness and damping capacity depend on 
pressure of air ?lling of the spaces betWeen the bottoms of 
the damper pins and the dimples and/or friction force of the 
damper pin and sideWall of the dimple. 

* * * * * 


